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'ABSTRACT ' . 

This self-paced student training^module on hand 
electtfic tools is* one of a number of modules developed for 
Pi;e-apprenticeship Phase 1 Training. Purpose of. the module is to .« 
teach^students the general uses and precautions of common portable. 

0 electric, tools. The'module may contain some or a 13. of the following: 
a cover sheet listing module title, .goal, and performance indicator; 
study guide/checklist pith directions ton module completion; 
introduction; information 'sheets ,piS>vi~di-iig information and graphics 
covering the'module topic(s) ; ^lf-assessment ; self-assessment • 
answers; post assessrmen^; and post-assessment^ answers . (YLB) 
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Goal: . 

« 

The Student w learn the general 
" uses and precautions- of common 
portable electric tools. 
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Performance Indicators: 

The student will demonstrate an 
understanding of the subject by 
successfully completing a Self 
Self Assessment and a Post Assessment 
exam. 
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, Without power tools of many kinds, today's skilled worker could not produce work 
• - of the quality and quantity currently demanded in technical occupations. Not too 
many years ago, the only portable electric tool regularly found. on* the job was the 
electric drill. Today, portable electric tools of many kinds are available, and 
the apprentice is expected to learn early-in his career how io operate* aU such 
tools used in his trade. This module describes some -of the most common portable 
electric tools and gives information needed for their effective and safe use. 




INDIVIDUALIZED LEARNING SYSTEMS 



Study Guide 




To successfi&lly complete this module, complete.the following .tasks in the order 
listed. Check each one off as you complete it. 



1. 



2 - \_ 



Read the Goal and Performance Indicators on the cover'of this .module. 
This will inform you of what you are expected to gain from completing 
this module^and how you will demonstrate that' knowledge'. Read the 
Introduction. section to understand why^this module is important. ' 

Study the Information section of this module to acquire, the knowledge 
necessary to complete the Self and Post Assessment exams. * • 



3. 



4. 



Complete the Self Assessment exam and compare your answers with those 

on the Self Assessment Answer Sheet on the page immediately following 

the exam. Re-study or ask your instructor for help on any questions 

you have trouble with. The Sel^Assessment exam will help you determi 

how well you are likely to do on the Post Assessment, * 

/ . 

Complete tire" Post Assessment .exam and turn your answers in to your ' 
instructor. It is recommended that you score 90% or- better on the 
Post Assessment before going oh to the next module! r ' ' ] 
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PORTABLE ELECTRIC DRILLS ' ' ' 

The.portaMe electric drill is i*. 1 ■ • • ' 

>°wer hand t00l . (See h -« versatile and prcbably the most often V se 

«- not on, y t0 drill ho , es hu ' 1S l^™' ^ " W > «- <- 1 
« countersink , rind , haw - J' 1 ^s and attach-to sand 
fth other attachements, the dril, can I ° nf1a " , " aMe " ai "t. a.nd drive screws 
• saw, hot soch conversion a' ^rr " 3 ""V"' ■ *C or 1 

Production-™^ -indostriaVoser- t et7/ h ° b °*' ist "»n with the 

« desi 9 „edir the £ ^ P-er to use a 

1 * 




. a ;. Fl '9- E-49. Portable electric drill 
Th e V4 in. electric drill • ? ' 

'^t-dut y , ppIjcatjons; t^Z^Z r 1 fW -Utivel, 

m dnl S ^ ^ *r Javier Ms. The chuck soe " er " Spe ? d «• and W ,„.< 
*a-facturer is general,, the ^^J * C / Peed s P«1fied h y the power-tool 
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A cordless drill that requires no power connection is available; its power source 
is a self-conWd, rechargeable battery. Unlike other portable electric tools 
the Cordless drill need not- be grounded for safety. Tftis.pewe/ tool has obvious \ 
.advantages for working.on roofs, in wet locations, 'or in other places where it is 
difficulty dangerous to run the cords of conventional electric drills. • • 

PORTABLE ELECTRIC SAWS . ' 

Hand-operated saws still have many uses in the skiiled X trades;.: however, portable ' 
-electric saws, because of their versatility and high production capability, have 
become the 'preferred types, particularly in the construction industry. The most • 
widely use^portable electric saws are probably the electric handsaw and the sabre 
saw. * > * 

m * 

THE ELECTRIC HANDSAW 1 

Electric' handsaws (portable electric circular saws) are made in" sizes to 'accomodate 
• saw blades ranging in diameter from about 6 in. to about 9 ki. The greater the 
. blade diameter,' the greater the maximum depth of 'cut of the saw. A saw with a' 

6 1/2 in. blade will make a cut about 2-3/32 in. dee?; a 7-1/4 in. .saw, a cut 
.about 2-7/16 in., deep. (See. Fig. E-5Q.) * 

FEATURES OF ELECTRIc HANDSAWS . Elect™ handsaws are used privily for cross- 
ing and nippin-g wood, standard models being equipped .wi th a' combination wood- 
ing Made. Special .types of blades are available for"cutti„g nonferrous re tals 
and ceramics. The base of the saw may be raised or lowered to control the depth of 
the cot, and most saws will make a bevel cut up to 45°. The blade rotates counter- 
*dockw.se and cuts in the Upward direction. The- upper half of the blade is 
shnelded by a fixed guard; the lower haVf is shielded by a hinged or telescoping ' 
guard that opens as the blade is presented to the work and automatically closes over 
the Made when the cut is completed. 




"SAFETY AND THE ELECTRIC HANDSAW. 

If improperly^, the electric handsaw can be the most dangerous^ all'.portable 

electnc tools. Genera.1 instructions for th, grounding 'and safe operation of all. 

portable electric tools, including saws, are given elsewhere in this topic; however 
ever, mechan , c shou] ,, also ^ . 

need, arises for using an electric handsaw: , ,'• 

- Defore connecting the -saw to'the power source, be sure the saw blade is tight oh 



th e arbor, all quirds are • ' 

• for depth and an9 , e of P ™£d „ rttng onhr . and an 

- Stand to 6„ e side of the cut ' ' ' 
" As soon as thp • • 

-ore ^rr^ ^ — - - - Made 6t0ps 




«S. E-50. Electric 



'c handsaw 




V 



Fl '9- E-57. sabre saw 

.THE SABRE SAW ... 
The sabre saw i* a • 

- - soar. - ~- 



P0RTA8LE 'ELECTRIC SANDERS ' . 
Three types 4 of portable electric senders are in »ide" US £- " i*. h „ 
orbital sender and the disc-sender. (See Fie E 52 1 Th ' ** 

weight from about 6 pounds to about 30 12 t 'l ■ t0 ° 1S ,B 

he a consideration i f >be « t s ^ ^ * f " ' ? ' 

position, some types of power senders »„ J 7 P '" " aWkWard 

dust produced durtng opened ht W ' th a forcollectino the 

-den is to be used' Z ! ng e £ Z U u 21' T? ^^"^ " * 
to hneath the dust re s U ,ti„ g fnl th'e sandC o;i;:::„ e,Sant * 






Pig. E-52. Portable electn f c\| n aers 



THE BELT SANDER * ' 

The belt sander is most jjs*eful for sanding large, flat' areas. The. sanding is done 
in a straight line by a continuous belt that runs over a base plate at high speed. 
When uaed^on wood, the sander should be directed with the grain. Belts are avail- 
able in several abrasive grades for rough to fine' sanding of wood, and 'special, 
j belts are available for material s. other than wood. Be ( lt sanders are sized by fhe 
width and length of, the 'belt:' '' — N '. ' 

i a « 

THE ORBITAL SANDER „ ' . * / 

The orbital or finishing sander has a rectangular, padded^ base plate to which a < 
piece of abrasive paper, or cloth U attached by means of /clamps. The rotary motor 
of the tool is geared to move the base plate rapidly in a limited circular orbit,' 
and the plate oscillat.es— moves back and forth and from side ' to' side— thousands 
of times per m.inute as its sands' The orbital sander can therefore be operated 
either with n'r against the grain, and it can be used in small spaces and corners. 
It is most useful for finish work. 
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THE DISC SANDER ' * ' 

The flexibility of its- rotary sanding, disc makes the portable electn'c'disc sander ■ 
better suited for sanding uneven or curved surfaces than a straight-line sander. 
The disc is removable and can be replaced with attachments for wire brushing, 
polishing, buffing and eveji drilling. ' - 



GROUNDING PORTABLE ELECTRIC TOOLS 



A 



Safety requires that portable electric tools must be grounded when in use unless 
they are/of.the cordless, (battery-operated) type. An electricaTsystem or 
appliance 'is grounded when those metal parts of it that are not intended to carry 
current— the frame and the housing, for irrstance— are connected" .to the earth through, 
some conductive. material , normally a grounding wire. The purpose of the^grounding 
.conductor is to carry electric current harmlessly away if it should "leak" to the 
metal case of the appliance or tool. Such leaks, which are called fault currents, 
retutt frorn^ breakdown of the insuWioruof the conductors .within the tool. When' 
a liye, uninsulated conductor "shorts" to the frame or case of a power tool that 
is not properly grounded*, .the exposed melral parts of the tool also become live- - 
The tool thus presents a 'serious 'shock' hazard to w the user, who risks being badly 
burned or even killed .as a result of a heavy, fault current flowing from the « 
defective tool through Ms or'her body to 'the earth: A correctly grounded 'power 



tool gives the user his op her best protection- against the hazard of severe. or even 
• fatal electric shock. , \ ■ . 

The sh6rting of live" conductors with defective insulation to frames, housipg and' 
other normally neutral metal parts can occur in any electrical system or device.," • 
but this defect' is most likely to: occur in portable equipment, which is often 
subjected to hard use under adverse conditions. The fel'xible. power cords of 
portable electric tools are particularly vulnerable, to damage. Misuse or'-abuse ' 
of a power.tool or its cord can also add to the probability of early electrical ' 
failure and resulting shock hazard. 

- ' •• . ' « ; • • . .- ; < ' 

THE GROUNDING. CONNECTION * . • ' 

To be effective, the grounding connection must be continuous from the -housing or 
frame of the tool throug'h the tool's power cord and plug to the outlet bo*, and 
thence through the wiring system to a metal pole or water pipe -buried .in the earth' * 
In other words, -whenever a connection is made between- any of the component parts " 
of a grounded electrical *ystem,-say an electric drill and a* extension cord or 
the extension cord and the service outlet-tfie grounding wire of each unit in the 
system must be connected to the grounding wire of the next unit 

GROUNDING CAPS' - — ' 



Every reportable electric" tool is equipped with a power cord having an extra 
conductor that serves" as* a grounding wire, and the cord is terminated with a .-' ■ 
three-prong grounding cap or plug. The two shorter blades o> the cap carry the 
current. The longer blade serves as the' grounding contact; It is connecteTto 
theVoundingpnductor in the power. cord. The grounding blade is made longer 
than the current-carrying blades so that it will be. the first ta fake contact 
when the cap is being plugged into the receptacle and the last to break contact ' 
when the cap is being withdrawn. (See Fig. E-53.) 

V 

t 

Many residences and workshops are not equipped with outlets designed for three- 
prong grounding caps; instead, they have the familiar two-slot receptacles 
Adapters are available to permit use of the three-prong grounding cap ?n a two- 
slot outlet. Older power tools commonly were equipped with a 'two-prong adapter 
cap with a "pigtail" grounding wire like the one illustrated in Fig. E-53 The ' 
user is expected to fasten the pigtail connector to thi screw In the center of the 
Plate covering the outlet box, but this requirement is often', neglected. Even W 



the user remembers to fasten the pigtail tp the plate .sc'rew, there is no assurance 
that the appliance will be correctly grounded unless it is known- that the houses 
wiring 'system' is correctly grounded. In addition, this old-fashioned adapteV cap 
introduces a .new hazard: if the loose pigtail gets 'caught' between the cap and the 
• receptacle- and' touches the "live" blade of the* cap, the 'entire housing -of the. tool 
will then' be live and can then give .anyone who touches it a severe or even .lethal 
shock. This type of cap is now banned by National Electrical Code and 'should be~ 



replaced by an approved three-prong grounding cap. 
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Fig. E-53. Grpunding caps'and adapters* 

Another type of grounding -adapter, the adapter plug with pigtail shown in Fig. 
E-53, is somewhat safer than the adapter grounding cap because it can be properly 
attached to tbe'outlet before the power tool is plugged in. .Hgwever, the same *' 
objections can be made to it:, it will not ground the appliance if the house wiring 
system is not correctly .grounded and the pigtai.l might make accidental contact with 
a live prong. , » °\, 



Still another grounding adapter has a long center screw that replaces the plate' 
screw in the outlet. -(See Fig. E -'53.) This adapter should provided *afe ground 
connection if the house wiring system is correctly grounded. If the wiring system 



is known or suspected to be ungrounded,^ separate' wireWt be run from.the ground- 
ing terminal on the adapter to a water pipe: • - . " . .. I 



The use of a grounding adapter of any kind can only be' justified on the .basis of 
r convenience/ For safety's sake, correctly grounded receptacles^d'esigned for three- 
prong grounding caps should £e installed in place of the old two-slot receptacles 
by a competent electrician, who should also be called upon to install' three.prong, 
caps on power-tools that do" not have them. « The grounding prong should' never U pder~ 
any-circumstances be cdt off a threfe-.prong cap for the convenience of the moment.' ' 

,9 

• EXTENSION CORDS '• ' / 

. Extension cords used with portable- electric tools muWinclude a grounding conductor 
and grounding-type caps and connectors. All conductors must be of adequately 
hea.vy gage/ wire: The required wire gage depends upon, the' length of 'the extension " 
cdrd and the current demand of the power tools wlth'whlcti it is ip be Used- the , 
greater the cord length and current demand, the heavier the, conductor Extension 
. cords .should never be used as voltages beyond their specified maximum. Cor^dT 
should have molded-on caps and .connectors of .the "unbreakable" type to preclude • * 
any possibility of mistakes in their wiring. -Only a- competent electrlcan" should i 
be permuted to make up an extension q,ord on the.job or repair- existing cords or ' 
connectors; if a wire .were to be- improperly connected in an extension cord, a very 
dangerous shock tiazard could result. 

tea. » v " " . ' * 

PREVENTING ELECTRICAL OVERLOADS . - ' *' 

Correct receptacles and plugs, correctly installed, '. serve not only to ground elec- 
trical e^m-pment but also to prevent equipment rated -forgone voltage from being S 
connected to. a circuit of a different voltage. ■ To ensure against damage to equips 
ment resulting from incorrect; line voltage, the'current-carryfng'blades of caps on 
power cords of equipment rated for 125-volt service are' so designed "that' they - 
cannot be plugged into' the slots of 250-volt. receptacles, connector bodies or 
motor base*. (See Fig. E-54.) Also, cord caps for equipment, drawing 20 amperes 
will vot fit the slot of grounding receptacles rated for 15-ampere -service, and 



so on 



Old-style T-siot receptacles that accept caps with either parallel" or. tandem bfades 
may still be encountered in some- locations. (See Fig. E-55.) These are now. out- 



P%9 grounding caps shou]d be '* 4,S " d * ««.- 

* Metrician, ^TJtZV ^ ^ ™* t "'« ' ' 

caps on p„ weBft00 , s thn d0 * called upon to instal, three-prong 

any circumstance, be cut off a three pro„ 0 ^^"""^ *»* KfM never under 

, tnree prong cap for the convenjence ' of ^ ^ 

EXTENSION CORDS ' » : 7 

Extension cords used with portabl 1 ' 
and grounding-type caps and connectorf ' « 1 Td T ^ * ^""^ 
"eavy gage wire. The reguired wire T '""""^ "" ,St " e 0f •*<X»t.l> 
cord and the current JZ tT T ° f * *^'«« 

Sreater the cord iength -and cum t del T I!"'* ** »• ta «» ■ 
<** should neve, he used as vo tageT^n h 

■ StoU,<1 and cole „ X th " sT" C ° rdS 

any possibility of mistakes in their wrjX, ^ * preclude 

be Pitted to mke up an extension ^ a competent electrican should 

connectors; if a wire were to be imprope ,v °" ^ eX '' Stin9 °' 

dangerous' shocked couid result " " " eXt,ns1 » a very' 

PREVENTING ELECTRICAL -OVERLOADS ' ' ' ' 

■ «.„ to a circuit of a d^*" T *" ^ ^ *"* 

mnt resu '«".g from incorrect line voltage 1 e " S ^ ^inst damage to eguip- ' 
Power cords of eguipment rated for 12 - 0 t '' e <* caps on 

cannot be pegged into the slots' of MoT,. ^ S ° deS * 9ned tnat - they. <* 

-tor bases. (See Fig. E-54 A J 0 T reC ^«.. connector^odies or' 

«"> not fit the slot of grounding L^T ^ 20 -P«~s 

so on. :-• rec,pt*,« rated far , 5 ^„ ^ 

"stiii L^rri^ t;:t m ° r tand - «■* 

| ' v 9> t-55 -' Th ese are now out- 
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.lawed.'and should be replaced by modern receptacles that have' grounding terminal's 
and are, keyed to prevent equipment frsom being plugged. into the-wrong circuit. 




ilSA, J25V 



15A.« 1 25V 



5A, 250V 
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CAPS 



RfcCKPTACLES 



Fig. E-54. Some 



cap and receptacle types 




, m . Fl 9- E-55. T-slot , 

receptacle (now outlawed) 

SAFETY WITH PORTABLE ELECTRIC TOOLS 

Portable electric tools cart be dangerous in 't'heHands of operators who are careless 
or inadequately trained in their use. Every' apprentice should faithfully observe 
the following safety rules when operating suc{) tools: 

-.Keep your mind on your work; avoid distractions. 

*- Be sure that 1 ine-power/sd tools are grounded. 

- Keep- a firm grip on the tool to retain control if it should catch tp the. work. 

- Be especially careful in wet locations, and never use electric tools where flam- 
mable gases or vapors are present. Never use an electric drill to stir paint- 
containing flammable solvents or thinners. 

- When you are not using the'.tool , disconnect it from the power supply. ' 

-.Handle power'to'ols with care; sharp blades, bits and other moving parts revolving 
at great speed can inflict serious injury. - ' 

Arrange power cords so that they, will not become fouled in the wooing parts of 
the tool. < Keep cords away from oil, chemicals and hot surfaces, and never hang' 
them over nails or sharp-edged objects. Never leave cords lying" where they 
mght be ran over or otherwise ^maged or where they could present a stumbling.' 
hazard. Store power tools- in a clean," dry place with the cords loosely coiled 



.to protect the cord insulation. 

- Never ^ear loose -clothing when operating a portabl 
. power machine. 



e electric tool or;any other 



Wear safety goggles whenever the 
slightest danger to the eyes. 



use of the power tool could result in the 
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each statement and decide rtri&Ht is true or false" Write T if the state- 
is true; write F if the statement is false. - C ' " 

1 

— Si! are sized by the d " ret - * f tanwi «n 

— JSaiM Sr f i?iC«L e i?' ectHc dn ' !,is the ^ in »»'«*™ • 

— 2?5oc1& e ^ triC « in *°« i iJ« safety .advantage for work to very . ' 
~ tt b Je e ta1s r ? UUr . SaW * Can 66 USed With a specia ' t» cut non- - 

' - ' •* jc- - ....... 

_ A^pprtable circular saw cannot be used for making bevel" Cuts. 
_^ A receiprocating saw blade is one that moves up. and down. 
_ The sabre saw is designed for cutting wood only. 
_ A belt sandej^can be used onl»y for rough sanding. 
J A belt sander is a straight-line sander. 
_ The disc of a disc sander oscillates at high speed/ - • 
" L^un^d 616 ^' 1 '' dH11 W1 ' th 3 sel ^ontained power source need not, " 

■ ^^^^ ffisas ssass-.- 

■ gro 9 ur?ng n recept^i r e! S ^ ^ nent for a wired-in ' . 

***** 
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Listed below each numbered it* fl , e f < - ' — 



2.. 



3. 



!' v ho ^epower | • 15 determined by the tools'- 

b - voltage rating ^ ' ' c. chuck capacity 



tl * ' . d - weight 

J- ' : 

d - ty P« wood to be out 

T Jo portable electrir t n «i- t • "' •' 

-t of p^^r te < ""W.frr cutting , 
a -. circular ^ y 0,e ln a 



circular, saw 
D - sabre saw 



* e'ectrica, too, , s groutlded jf . 



c. rotary-blade saw 
d - electric drill 



a . „ ,J yuunaea if- 

' JbVt S ooT neCted t0 a ^eptac,e SU pp, yinq the 

the earth y ing meta l Parts-are «i Pr t^ n 

c - ne nameplate of the tool i ,/ * lectnca1 ^ connected to 
appliance" ' ™ e ' to ° l includes the phrase ' 
> d - the blades of the D i„„ a ' aCt ° ry 9 rou "ded - 

* ™ e plu 9 «« parallel 

- If a portable electnv t « A . 

. -mmtai i a new cap • - 
. a ' use a corrprf iw 

correctly grounded adapter 
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Importable electric sender best suited for sanding curved surfaces 

a. orbital sander r 

b. belt sander ' d" '^iS? d f- 

a. /Straight- line sander 

-An ungrounded portable electric too, is dangerous to use unless it is- 

a. the cordless type 

b. used only in dry work areas 

c. used only where no flammable gases are present 

d. desngned for 230-volt operation 

"dieter? P ° rtable eleCtHc M1 ™™"y takes twist drills of wL 

Si up /4 to n i/4 0 ^ J' J/f !»• ^0 1/4 in. • 

1 . d - V4 in. to 3/8 in. 

* S^iftST"* SWClf1ed * ck **« Metric is 

a. no-load speed ^ , , . 

b. half-load speed • $; fSlTlo"af speeT" 
Which,one of the followina n»Kt ho u.*.- . 

adjustments are attempted Va" "portable electric Vo™ replacements °' 

a. The tool must be cleaned. . 

b. 'The power cord must be Unplugged. . 

c. The foreman must be notified " • 

d. The swit<Mi on the tool, must be off 



